Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive sleep-related upper airway obstructions resulting in sleep fragmentation and decrease in blood oxygen saturation. It is seen approximately in 1-5 % of adult men and in 1.2-2.5 % of adult women [1, 2] .
Polysomnography (PSG) is the gold standard for the diagnosis of OSAS [3] , providing information about the severity of OSAS and the degree of sleep fragmentation, but it does not provide any information for the level or the degree of upper airway obstruction. To date, various methods have been used to investigate the site of upper airway obstruction in patients with OSAS including magnetic resonance imaging, computerized tomography, lateral cephalometry and nasopharyngoscopy [4] [5] [6] [7] [8] . These methods provide important information for the site of the upper airway obstruction. In particular, upper airway endoscopy helps us to evaluate the dynamic examination of the nose, naso-, oro-, and hypopharynx during forced inspiration against closed mouth and nose, and the level and degree of obstruction in these regions can be determined [4] . This examination is called Muller's maneuver (MM) when performed on the awake patient [9] . Muller maneuver helps us to evaluate the level and degree of upper airway narrowing and it has also been shown to be a predictive value for the OSAS surgery [4, [10] [11] [12] . Muller maneuver is a beneficial technique for the deciding to type of surgery procedure which we use in OSAS patients.
Sleep laboratories usually have long waiting lists since OSAS is a frequent disease and one night is needed for each patient for PSG. Therefore, using a questionnaire or an examination finding to select patients who must be given priority is wise, and a number of studies have been performed on this issue. In addition, the success of surgical treatment for OSAS is directly related with correct determination of the upper airway obstruction site and selection of an optimal surgical technique for this site.
The aim of this study is to investigate the relation of the site of the obstruction detected on Muller maneuver with PSG and physical examination findings.
Methods
In this study, the data of 703 consecutive patients who admitted to Ankara Numune Education and Research Hospital Sleep Laboratory between April 2008 and May 2013 with the complaints of daytime sleepiness and witnessed sleep apnea were analyzed retrospectively using the charts of the patients. The protocol was approved by the Ethics Committee of Ankara Numune Education and Resarch Hospital (project no: 554-2013). All of the patients had a detailed otorhinolaryngologic examination including fiberoptic nasopharyngoscopy with MM, and then they underwent overnight PSG.
The patients were divided into three groups according to their apnea hypopnea indexes (AHI) as ''Mild OSAS'' (5 B AHI \ 15), ''moderate OSAS'' (15 B AHI \ 30) and ''severe OSAS'' (AHI C 30).
The patients who were diagnosed with simple snoring (AHI \ 5), had already undergone an operation for OSAS, the ones with missing data, have any mental and neurological pathology were excluded. A total of 394 patients who had an AHI C 5 were included. There were 269 males and 125 females, with a mean age of 48.7 years (range 28-73 years).
The age, sex, neck circumference (NC) (measured in centimeters at level of the cricothyroid membrane), body mass index (BMI), and Epworth sleepiness scale score (ESS) scores of the patients were recorded. The ESS scores of the patients were calculated after the patients completed the validated Turkish version of the questionnaire [13] . Excessive daytime sleepiness was considered if the ESS score was C10.
PSG was performed under the supervision of a sleep technician during spontaneous sleep. Electroencephalogram, submental and bilateral tibialis anterior electromyograms, electrooculogram, nasal airflow, thoracic and abdominal respiratory efforts, blood oxygen saturation (pulse oximetry) and body positions were recorded. The PSG data were scored manually according to the standard criteria set by the American Academy of Sleep Medicine [14] by an ENT physician who had a sleep diseases and PSG certificate.
The MM was performed when the patient was in sitting position, following topical nasal anesthesia achieved with 4 % lidocaine and 0.5 % ephedrine spray. A flexible endoscope (Olympus ENF, type GP) was inserted through the anesthetized nasal cavity into the nasopharynx and then advanced to oro-and hypopharynx. The site of collapse was assessed during a maximal inspiratory effort against a closed mouth and sealed nose (reverse Valsalva). The collapse of the upper airway was determined at the retrolingual level at anteroposterior (base of tongue-Muller's 1 score) and lateral to lateral (lateral pharyngeal walls-Muller's 2 score) directions. Similarly, retropalatal level was also investigated for collapse at anteroposterior (soft palate-Muller's 3 score) and lateral to lateral (lateral pharyngeal walls-Muller's 4 score) directions. The degree of obstruction was evaluated in a semi-quantitative manner and classified as follows:
• approximately 75 % obstruction = 3 and • 100 % obstruction = 4 [9] .
The relations of the obstruction site on Muller's maneuver with BMI, neck circumference, ESS and PSG findings were investigated.
The analysis of the data was performed using Statistical Package for Social Science (SPSS) for Windows 11.5 package program. The descriptive data were presented as mean ± standard deviation or as median (minimum-maximum) for continuos variables, and as number (n) percent (%) for nominal ones. The correlation between the variable pairs was analyzed using Spearman's correlation test. The significance level was set at ' \ 0.05.
Results
There were 125 (31.7 %) females and 269 (68.3 %) males. The mean age was 48.67 years (range 28-73), the mean BMI was 30.82 kg/m 2 (range 21.1-53.4 kg/m 2 ), the mean AHI was 33.44/hr (range 5.1-125.2), the mean ESS score was 8.1 ± 5.6 (range 0-24), the mean minimum (Min) O 2 saturation was 77.4 % (range 24-93 %) and the mean NC was 39.7 cm (range 31-51) ( Table 1) .
The patients were divided into three groups according to their AHI: ''Mild OSAS'' (5 B AHI \ 15) (29.2 % of the patients), ''moderate OSAS'' (15 B AHI \ 30) (27.1 % of the patients) and ''severe OSAS'' (AHI C 30) (43.7 % of the patients). The mean ESS increased and mean Min O2 saturation decreased as the severity of OSAS increased (Table 2) (Table 3) .
AHI showed significant negative correlations with Min O 2 saturation (r = -0.568, p \ 0.001) and ESS (r = -0.149, p = 0.003) (Fig. 1) . Min O 2 saturation was also negatively correlated with BMI (r = -0.361, p = 0.001). As ESS increased, Min O 2 saturation decreased significantly (r = 0.150, p = 0.003) (Fig. 2) (Table 4) .
BMI and ESS (r = 0.126, p = 0.013), BMI and AHI (r = 0.230, p = 0.001), AHI and ESS (r = 0.150, p = 0.003) and NC and AHI (r = 0.183, p = 0.001) The degree of obstruction on MM; no obstruction = 0, approximately 25 % obstruction = 1, approximately 50 % obstruction = 2, approximately 75 % obstruction = 3 and 100 % obstruction = 4
BMI body mass index (kg/m 2 ), NC neck circumference (cm), ESS epworth sleepiness scale score, AHI apnea hypopnea index, Min O 2 minimum oxygen saturation (%) 
Discussion
OSAS is characterized by sleep-related apnea episodes and oxygen desaturations, and it may result in a number of significant morbidities including neurologic and cardiovascular complications.
MM has been first applied by Borowiecki and Sassin in patients with OSAS (5). Fiberoptic pharyngolaryngoscopy with Muller's maneuver has been advocated as a practical, clinically applicable, preoperative dynamic diagnostic method for assessing the site of collapse. However, this technique has been criticized since it cannot show different obstruction levels at the same time, it is performed when the patient is awake and in a sitting position, and every patient cannot create an optimal negative pressure. Thong and Pang reported that MM findings were in correlation with AHI, and the maneuver can be used for determining patients with OSAS and can guide the treatment [15] . We found that In literature, some studies indicated that retroglossal collapse was correlated with AHI [16] . Hori et al. [5] studied 57 patients and analyzed their endoscopic examination using a computer program. The authors stated that retropalatal collapse was in association with OSAS due to increased collapsibility of the lateral pharyngeal walls in this region. Li et al. [6] investigated the pharyngeal anatomy in 30 obstructive sleep apnea patients under general anesthesia using magnetic resonance imaging, and reported that increased tissue volume at retropalatal region and lateral pharyngeal walls were related with OSAS. In our study, we studied lateral pharyngeal wall collapse in both retropalatal and retrolingual regions with MM, and found that Muller's 2 and 4 scores indicating retrolingual and retropalatal lateral pharyngeal wall collapse were strongly Fig. 1 The distribution of the cases for minimum oxygen saturation and apnea hypopnea index (AHI) Fig. 2 The distribution of the cases for minimum oxygen saturation and Epworth sleepiness scale (ESS) scores 
\ 0.001). Considering this finding, we suggest that lateral pharyngeal wall collapse may be used as a selection criterion for planning PSG and must be considered when planning surgery.
We found that BMI and AHI (r = 0.230, p = 0.001), and NC and AHI (r = 0.183, p = 0.001) had significant positive correlations. Dixon et al. [17] investigated the relation of obesity and AHI and found significant positive correlations between BMI, NC and AHI. The authors stated that increased NC had a more significant correlation with AHI when compared to BMI [17] . Similarly, Davies and Stradling found that increased BMI and NC were associated with OSAS, and noted that NC increased as the BMI increased, and this changed the fat distribution in the upper airways increasing fat tissue in the retropalatal area, i.e. around soft palate and uvula [7] . An interesting finding of our study is that These findings indicate that obesity causing increased fat amount in the neck causes collapse mainly in the lateral pharyngeal walls, both in oropharynx and hypopharynx. In a smaller patient cohort consisting of 87 patients, Ozdas et al. [18] found a significant correlation between BMI and AHI, and similarly suggested that increased BMI caused increased fat tissue in the lateral pharyngeal regions causing collapse of lateral pharyngeal walls both in oropharyx and hypopharynx on MM. Kim et al. [19] also reported that collapse of the lateral pharyngeal walls was associated with high AHI, however lateral pharyngeal walls could also collapse in non-obese patients.
The NC is supposed to reflect local fat tissue amount, however increased NC may be due to increase of subcutaneous fat or visceral fat. Some authors report that NC measurement was important for determining the tissue thickness surrounding the pharyngeal region and the adipose tissue around the neck [8] . Some others claim that visceral fat, rather than subcutaneous fat was related to abnormal respiratory functions including sleep apnea [20] . We found that increased NC had a positive correlation with Muller's 4 score, indicating lateral pharyngeal wall collapse in the retropalatal region. When we consider the correlations of BMI and NC with AHI altogether, we can hypothesize that increased BMI causes increased collapsibility at the lateral pharyngal walls both in oropharynx and hypopharynx, however increased NC puts its effect mainly at the lateral pharyngeal walls of the oropharynx.
Chiner et al. [21] found a strong correlation between AHI and Min O 2 saturation levels. Velasco Suarez et al. [22] stated that Min O 2 saturation measured by pulse oximetry was a highly sensitive method for the diagnosis of OSAS in children with adenotonsillary hypertrophy. We found a significant negative correlation between AHI and Min O 2 saturation (p \ 0.001).
As mentioned before, we found positive correlations between AHI and Muller's 2, Muller's 3 and Muller's 4 scores; Muller's 2 and 4 being highly significant. We also found that Min O 2 Multiple sleep latency test and Maintenance of wakefulness test objectively measure daytime sleepiness, however they are time consuming and performed in the sleep laboratory. Therefore, ESS is a widely used subjective measure for daytime sleepiness and it is validated in Turkish [13] . There are conflicting results in the literature concerning the correlation of ESS with AHI [23] [24] [25] [26] . In our study, ESS showed significant correlations with AHI (r = 0.150, p = 0.003), Min O 2 saturation (r = 0.150, p = 0.003) and BMI (r = 0.126, p = 0.013). Kapur et al. [27] performed a multicenter study on 6,440 patients and found that ESS and AHI had a statistically significant positive correlation. On the other hand, we could not find a significant correlation between ESS and NC (p [ 0.05). It has been claimed that daytime sleepiness and fatigue were primarily due to metabolic and physiologic factors rather than apnea and sleep fragmentation in OSAS [28, 29] . Inflammatory cytokines and mediators released as a result of metabolic syndrome were also reported to cause daytime sleepiness [30, 31] . Therefore, despite presence of a significant correlation between ESS and BMI, lack of a significant correlation between NC and ESS in our study makes us think that mediators and cytokines released due to metabolic syndrome may be responsible of daytime sleepiness in our patient population.
Conclusion
In OSAS patients, increased BMI and NC are correlated with lateral pharyngeal wall collapse in retropalatal and retrolingual levels. Lateral pharyngeal wall collapse on MM is related to high AHI scores and is more valuable to predict OSAS compared to anteroposterior collapse. It appears that the target area of fat deposition in the neck is lateral pharyngeal regions in OSAS. In addition, Min O 2 saturation on PSG shows a stronger correlation with lateral pharyngeal wall collapse compared to anteroposterior collapse. On the first admission of the patient, presence of lateral pharyngeal wall collapse on MM may be used as a selection criterion for PSG. Further studies are needed to better clarify the importance of lateral pharyngeal walls in OSAS surgery.
